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Abstract. An optical blade tip timing scheme is presented and demonstrated experimentally using an optical
microstructure surface inscribed on the blade tip. The results show that the method is not sensitive to the fluc-
tuations of light intensity introduced by the change of tip to sensor clearance, the light intensity of light source,
and quality of the tip surface. © 2019 Society of Photo-Optical Instrumentation Engineers (SPIE) [DOI: 10.1117/1.OE.58.7.072005]
Keywords: time identification; optical fiber sensor; blade tip timing; rough surface.
Paper 181502SS received Oct. 20, 2018; accepted for publication Jan. 15, 2019; published online Feb. 6, 2019.
1 Introduction
Blade tip timing (BTT) is an important measurement method
in health monitoring of engines for improved efficiency,
safety, and reliability.1 BTT can provide the vibration ampli-
tude and frequencies of the blade by utilizing the differences
between the theoretical time of arrival (TOA) and the actual
time. By analyzing the time series ftg using different
analysis algorithms, the information about synchronous
vibration and asynchronous vibrations can be obtained and
used to provide valuable information regarding the engines’
condition.2 The synchronous vibration analysis algorithm
includes the single-parameter method,3 two-parameter plot
method,4,5 sine-fitting method,6 and autoregressive method
formulation.7,8 The asynchronous vibrations analysis algo-
rithm mainly uses the order tracking method.9 The sensor
probes can be classified according to their various underlying
physical principles, including eddy current, inductance,
microwave, and optical fiber, among which the optical fiber
probe is widely used due to its sensitivity, small size, and
immunity to external electromagnetic interference.
For an optical fiber probe, fluctuations of light intensity
can be introduced by a change of tip clearance, light intensity
fluctuations of the light source, and the surface roughness of
the tip surface, which all cause measurement errors due to
incorrect time identification.10 The traditional BTT time
signal processing method has been generally used to com-
pare the original output signals of the sensors with a constant
triggering level of the rising edge or falling edge and the
corresponding time will be the TOA.11 However, the fluctu-
ations of light intensity lead to the forward or backward
offset of the obtained time signals compared to the triggering
time. Previous research has been reported regarding time
identification techniques, such as high-pass resistance time
identification, dual-threshold forward time identification, and
constant ratio timing identification method.12–14 The high-pass
resistance time identification method is not affected by the
amplitude change caused by changes of the tip clearance in
the case of the reported method as it utilizes the zero point
time of the derivative of the signal amplitude as the arrival
time.12 However, because the value of the rate of change of
the tip timing signals around the peak value is relatively gen-
tle when the blade sweeps the sensor, this method potentially
leads to a large error in the measured signal. Normally, this
method is used on thin blade signals. The dual-threshold for-
ward time identification method is one of the error compen-
sation identification methods for which the principle relies
on the use of multiple thresholds to measure the same signal
and calibrate the error compensation relationships so as to
eliminate the time drift error caused using a single-threshold
value and hence improve the overall accuracy of the
system.13 However, this method is equivalent to using the
threshold identification method with a single threshold
twice. Therefore, an error is also introduced in the time
drift correction process. The principle of constant ratio dis-
crimination is to use the voltage with a fixed ratio of signal
amplitude as the trigger voltage.14 This method can reduce
the drift error caused by signal amplitude variations. Based
on this, a method using the middle time between the rising
edge triggering time and falling edge triggering time has
been adopted. However, as the BTT signal of the fiber bundle
sensor is not fully symmetrical, it is still influenced by
variations of blade tip clearance.15 Although an improvement
was proposed by introducing a revision parameter (k) to this
asymmetry of the signal, the calibration of k for all blades
needs to be performed in advance.16 Furthermore, situations
in which fluctuations of signal edges lead to the failure of
timing identification are not considered in all the methods
described thus far.
In this paper, a BTT method is introduced by utilizing
a microperiodic structure on the blade tip surface. The
simulation and experiments of timing under varied heights
were conducted, for which the timing position errors are
estimated.
2 Timing Method
Normally, the blade tip surface is rough to some extent
because of machined process or long-term operation, causing
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irregular fluctuations of the recorded time signal due to the
corresponding randomization due to scattered light received
by the optical sensor. Milling and grinding are widely used to
process metal surfaces, including turbine blades.17,18 For
some metal surfaces processed by milling, normally periodic
microstructure topography can be formed by the periodic
trail of the cutter.19,20 In this investigation, a method of
tip-timing signals processing based on periodic signals
arriving from the rough surface of the blade tip is presented.
The method uniquely utilizes identification of the peak posi-
tions in an applied phase demodulation algorithm following
proper filtering on the TOA signal from the blade. Figure 1
shows the structure of the BTT system using this investiga-
tion. An optical fiber bundle sensor is mounted perpendicular
to the blade tip, which is used to transmit light and receive
the scattered return light signal from periodic blade tip
surface. The optical power received by the probe is converted
into an electrical signal by a photodetector (PD) and ampli-
fied using a photoamplifier. When the output voltage reaches
the threshold value (V th), the acquisition card begins to
acquire the data. The acquired data are transferred to the
host PC where it is processed using an in-house developed
algorithm, also presented in this paper, to accurately obtain
the TOA. The accurate determination of the TOA provides
key information regarding the vibration displacement (ampli-
tude) and vibration frequency of the blade.
2.1 Principle
The blade tip used in this investigation has a periodic metal
surface, which can be fabricated by machines. It is found that
light reflected from this type of surface is mostly scattered
light, whose optical frequencies are normally made up of
noise frequencies and multiple harmonics of the spatial fre-
quency of the microstructure surface. As shown in Fig. 2, let
T1 be the time when the acquisition card begins to acquire
the data and T2 be the time when the acquisition processing
ends. The sensor signal processing algorithm is based on
principles described in Fig. 1(b), which handles the data
in the time interval T1 to T2, and is represented as the
blue line in Fig. 2. First, the spatial frequency spectrum of
the scattered light signal reflected from the microstructure
surface is analyzed, and the time-domain signal is filtered
using a bandpass filter with center frequency f0. Here,
v is the rotation speed of the blade and the bandpass filter
range is defined as the range of frequencies that typically
comprise spatial frequencies of the measured blade, which
have a relative high energy compared to other harmonic
frequencies under different tip clearance or other situations.
The bandpass filter range and its center spatial frequency f0
of the blade can be calibrated before testing. For the time-
domain signal acquired by the acquisition card, the center
spatial frequency f0 is selected to be applied in an inverse
Fourier transform to obtain the typical scattered signal, pre-
sented as the filtered time-domain signal with a red line in
Fig. 2. It is worth noting that, typically, spatial frequencies
are unique for a given blade geometry, and 1f0 corresponds to
the typical period of the optical signal generated by micro-
structured surface. In this case, the filtered signal is sinusoi-
dal with n periods each of value 1f0 and with initial phase φ.
The arrival position of the i’th period of the signal from
the microstructured surface tðxÞi can be demodulated using
the following equation:





; i ¼ f1; 2; 3: : : ; ng; (1)
where tðxÞi represents the arrival position of the blade. Here,
the choice of the value of i is arbitrary, for the value does not
Fig. 1 Structure of the BTT system using presented method: (a) the








Fig. 2 Principle schematic of the presented method.
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influence the timing accuracy. The aim of adding i is to
get the arrival time of every period of the microstructured
surface and prepare for the subsequent processing when
some former periods information misses.





where v is the linear velocity of blade tip rotation. Notably,
ti is the time relative to T1, hence the TOA of the blade tip
may be written as
EQ-TARGET;temp:intralink-;e003;63;253 OA ¼ ti þ T1: (3)
An appropriate choice of period (1∕f0) as the timing position
or by undertaking a rigorous analysis of the time series ftig
allows the TOA of the blade to be accurately obtained.
2.2 Simulation under Varied Clearance
A finite-element method was applied to analyze the scattered
light signal from the periodic surface when clearance
between the blade and sensor probe was varied. In Fig. 3(a),
a is the transmitting field port, simulating single-mode fiber
(SMF) used to transmit light in the experiment; b and c are
the two areas we calculated the integral intensity of the scat-
tering light, simulating symmetrical multimode fibers used to
receive the scattered light reflected from the blade surface.
The height h is the gap between optical sensor and the
surface, which is comparable with the blade tip clearance
in the BTT method. Three different heights h were used
in the finite-element model with a 100-μm-long periodic
metal surface whose period was set to 10 μm. For the cal-
culation using the three heights h1, h2, and h3, as shown
in Fig. 3(b), the scanning length was 15 periods, and the fre-
quency components were maintained the same, but relative
energy (amplitude) distribution among the various harmon-
ics changes. The intensity of the received scattered light
contains the periodic information of the rough metal surface,
of which spectral compositions of the scattered intensity
consist of the harmonic frequencies of the metal surface
period. With changes of height, the spectral compositions
stay largely unaltered but their relative energy content
changes. The time-domain signal shown as the dotted line
in Fig. 3(b) was filtered by the basic frequency of the
frequency spectrum, and filtered signals are shown as real
lines in Fig. 3(b). The initial phase of filtered simulation
signals under clearance h1, h2, and h3 are 40.68, 49.6, and
47.5 rad, respectively. Using Eq. (1), positions of the first
peaks of three filtered signals are −0.0197, −0.0240, and
−0.0230 μm, respectively. The standard deviation (STD) of
these three arrival positions is 3.408 × 10−6 μm, which is
very small compared to the surface period. It can be seen
from the simulation results that the signal phase shifts of
the filtered signals are small at different heights. The aim
of the method described in this article is to use the phase
information of the scattered intensity of the microstructure
surface to accurately identify the arrival time of the optical
(a)
(b)
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Fig. 3 Simulation and calculated results: (a) optical field spatial distribution with 60-μm height,
(b) calculated light intensity of scattered light signal with 40-, 50-, 60-μm height and the corresponding
frequency spectrum as well as filtered signals.
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signal. The simulations described in this section have proved
that changes of clearance and light intensity have little influ-
ence on the arrival time identification of the optical signal in
this method.
Although results are not shown in this paper, the light
source used in the experiment is amplified spontaneous emis-
sion (ASE) for which the center wavelength is 1550 nm,
models of different transmitting light wavelength were
also simulated. It shows that only when the period length
of the microsurface is compatible to the wavelength of the
light source, clear interference components (artifacts) appear
in the received light signals. Therefore, for most microstruc-
tured surface features (having a period magnitude of
100 μm), visible and near-infrared laser sources and broad-
band light sources can be used with the method described in
this paper. Rectangle-shaped surface and the triangle-shaped
surface were also simulated. The results show that frequency
spectrums of scattering light from the rectangle surface and
the triangle surface conform to the same rule as the sinusoi-
dal surface.
3 Experiments and Results
The experimental setup is shown in Fig. 4. Due to safety lim-
itations imposed for use in the laboratory, it was not possible
to use a real rotating blade. Instead, a fabricated aluminum
block with a microstructured surface was used, and errors of
arrival positions introduced by different factors, e.g., varied
clearance, installation angles, and signal asymmetry, were
calculated and were represented by the TOAðxÞ in this
article.
One fiber bundle sensor was used in the test, fixed by
a rotatable fiber fixture and perpendicular to the aluminum
block that included the periodic structure. The aluminum
block was fabricated using plane milling and the period
of the surface feature was around 400 μm, with a width of
around 4 mm. An ASE broadband light source (HOYATEK
A-0002) was coupled to the input of the fiber sensor,
whose central wavelength was 1550 nm, the spectral width
was 100 nm, and the output optical power was ∼10 mW.
The spectral stability (Ps) of the ASE resulted in an output
intensity variation of < 0.005 dB during 15 min of oper-
ation, and hence the fluctuations of the light source can be
ignored for the purpose of this investigation. The fiber bun-
dle sensor comprised seven fibers, of which the transmitting
fiber in the center was an SMF-28E single-mode fiber with
a 9-μm core diameter surrounded by six multimode 62.5/125
OM1 fibers with 62.5-μm core diameter. The numerical aper-
ture (NA) of the multimode fibers was 0.27 and the NA of
the single–mode fiber was 0.12. The use of the single–mode
fiber facilitated the development of a smaller spot size on
the target, hence resulting in a better spatial resolution of
the rough surfaces.
The rotatable fiber fixture was fixed on a vertical lifting
platform, and hence the fixed height of the vertical lifting
platform maintained the clearance between sensor and the
periodic surface unchanged. The clearance was changed
using a biaxial linear displacement table onto which the alu-
minum block was fixed. To accurately mimic the process of
the blades sweeping over the fiber sensor, a speed control
unit was connected to the motorized positioning system to
accurately control the motion (speed) of the aluminum
block along the x axis. The speed was set at 5 mm∕s. The
received light signals were transformed into voltage signals
by the photoelectric detector embedded in the circuit board
and then input into the acquisition card. The sample fre-
quency (bandwidth) of the acquisition card was 20,000 Hz.
3.1 Timing Errors under Varied Clearance
Experiments to validate the robustness to interference of
the method described in this article were conducted by meas-
uring the timing errors under varied clearance between the
sensor and the periodic surface. The clearance was set to
0.591 mm at the beginning and raised in 0.500–mm incre-
ments for each measurement point, being a total of six cases,
represented by h1, h2, h3, h4, h5, and h6. To prove the
stability of this method, each clearance experiment was
repeated five times, and the STD of the repeated experiments
at different clearance was determined to be within the range
of 0.5 to 2 μm, showing excellent stability and repeatability.
Figure 5(a) shows the frequency and phase spectrum of
the scattered light signals at six different clearance values.
The trigger voltage was set as 0.12 V, three times higher
than the mean noise voltage in this experiment. The STD of
the arrival positions when triggering voltage varied from
0.4 to 1.15 V at the same clearance was about 0.301 μm,
meaning the triggering voltage rarely influence the timing
accuracy. Part of the resulting filtered signals at the six clear-
ance values according to the method described in Sec. 2.1
are shown in Fig. 5(b)
The received light frequency spectrum of Fig. 5(a) com-
prises multiple harmonics as well as the fundamental fre-
quency of the aluminum block’s periodic surface feature
signal. The frequency components remain at the same
frequency values with variation of clearance distance, but
the energy contents of the components vary, as does the
phase. The experimentally measured frequencies that remain
unchanged and are prominent for different clearance values
are surrounded by the red-dashed rectangle in Fig. 5(a).
The typical frequencies of the microstructured surface in
this paper comprise the fundamental frequencies contained
in the frequency spectrum, whereas typical frequencies of
other microstructured surfaces would be represented by
different multiple harmonic frequencies that need to be cali-
brated in advance. The highest energy frequency component
in the range of typical frequencies was selected as the center
frequency f0 to be used for demodulation, shown as 1 pointFig. 4 Test rig and optical bundle sensor.
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filtering range in Table 1, and middle positions of the micro-
structure used as the timing identification positions were sub-
sequently demodulated according to steps described in
Sec. 2.1. Also, symmetrical 3, 5, and 7 filtered frequency
points near the center frequency f0 were calculated, whose
results are shown in Table 1.
Values of TOAðxÞ of different filtering range at six differ-
ent clearance values were calculated, and results are shown in
Table 1. The STD values of the last row in Table 1 represent
the timing position errors between six clearance filtered by
the same frequency range, and the STD values in line re-
present the timing position errors between different filtering
ranges at the same clearance. The timing errors of arrival
positions introduced by filtering range are around 2 to 3 μm,
which can be ignored. It can be seen that the filtering range
rarely affects the timing accuracy. The traditional method
referred to in Table 1 is the single edge triggering method,
for which the timing position corresponds to a constant
(a)
(b)
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Fig. 5 Frequency spectrum and timing schematic diagram: (a) the frequency spectrum and phase
spectrum of scattering light under h1 to h6 clearance, respectively, and (b) scattering light signals and
filtered signals, as well as acquired t2 under h1 to h6 clearance.
Table 1 Timing positions of the target surface of different filtering ranges under six tip clearances.
Timing positions (μm)
Filtering points h1 h2 h3 h4 h5 h6 STD
1 Point 6777.10 6772.90 6775.50 6773.40 6776.20 6784.00 4.01
3 Points 6779.30 6768.20 6773.70 6775.90 6778.30 6786.40 6.08
5 Points 6782.10 6771.90 6777.40 6771.70 6772.80 6778.40 4.24
7 Points 6788.17 6778.95 6788.64 6771.01 6771.74 6802.99 4.24
STD 2.42 2.07 1.78 1.99 2.71 4.05 —
V th 4811.50 4783.75 4788.00 4823.50 4826.50 4832.25 20.59
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trigger level T1. As shown in Table 1, the biggest STD of the
timing positions in the case of the method of this investiga-
tion is 6.08 μm, and the corresponding value for the tradi-
tional method is 20.59 μm. Therefore, it has been shown
that the method described in this paper is barely affected
by the change of clearance (also corresponding to light
intensity) compared to the traditional method.
3.2 Timing Errors under Varied Clearance when
the Sensor is not Positioned Perpendicular to
the Blade Surface
In real testing cases, the rotation blade always vibrates with
the change of tip clearance, meaning that received scattering
signals suffer from modulation by both tip clearance and the
installed angle of the probe. In this case, the angle at which
the sensor is positioned is defined as the angle formed
between the principal axis of the optical fiber bundle sensor
and the direction perpendicular to the blade surface.
Experiments to measure the arrival time using the method
described in this paper for four different installed angles,
1 deg, 2deg, 3 deg, and 4 deg, were conducted on the
setup as shown in Fig. 6. The experimental setup described
in this case is similar to that which was used for measuring
with different clearance heights, the difference being that an
optical angle adjusting fixture replaced the vertical lifting
platform to position the fiber bundle sensor. The optical
angle adjusting fixture can achieve a full 360-deg rotation
and the angle resolution is 1 deg.
The experimental measurements were repeated 9 times at
each angle, 1 deg and 2 deg. The voltage output of the photo-
amplifier of the received light varies with the preset angle.
The trigger voltage value was set to 0.311 and 0.351 V at
angle values of 1 deg and 2 deg, respectively. Table 2
includes STD of timing positions at angles of 1 deg and
2 deg as 2.653 and 1.792 μm, respectively, representing
excellent repeatability and demonstrating the feasibility to
use this method when the sensor is not vertically aligned.
Second, experiments to measure the timing errors with vary-
ing clearance for different angles were conducted. The height
was set to 0.5 mm at the beginning and raised in 0.5-mm step
interval, representing 5 height values at each angle. The
triggering voltage was set to 0.071 V for angle 1 deg and
0.041 V for angles of 2 deg, 3 deg, and 4 deg. As the
case in Sec. 3.1, the TOAðxÞ measured using the traditional
method was defined as the arrival position of V th (repre-
sented by the data with suffix _tra in Table 2). Values of
timing positions at five clearance at different angles and
corresponding traditional timing positions are included in
Table 2. Compared to the vertical case, more timing errors
are introduced by varying clearance in the cases of not being
vertical, and the larger the installed angle, the larger the tim-
ing errors. This is because the incline of the probe leads to an
incline of the light emitted from the source fiber, meaning
that the spot formed on the blade is distorted and a lateral
displacement error is introduced. From a simple geometric
consideration, when the height changes, the lateral displace-
ment errors become larger, which is also a trend in evidence
for increasing the angle.
It can be seen in Table 2 that the STD of the timing errors
of the method in this article at different clearance are 28.699,
29.076, 57.022, and 79.347 μm for the four angles 1 deg,
2 deg, 3 deg, and 4 deg, respectively; the STD of the timing
errors of the traditional method at different clearance are
32.900, 32.900, 94.712, and 91.705 μm for the four angles
1 deg, 2 deg, 3 deg, and 4 deg, respectively. Though the
above timing errors of both methods are much greater
Fig. 6 The experimental setup when the sensor is not vertical to
the blade surface.
Table 2 Timing positions under five clearance at different angles and corresponding traditional positions.
Timing positions (μm)
h ¼ 0.5 mm h ¼ 1 mm h ¼ 1.5 mm h ¼ 2 mm h ¼ 2.5 mm STD
1 deg 36546.167 36541.194 36521.597 36499.056 36478.069 28.699
1 deg_tra 34520.250 34515.250 34565.750 34565.500 34592.000 32.900
2 deg 39046.486 39041.611 39022.153 38997.986 38978.028 29.076
2 deg_tra 37020.250 37015.250 37065.750 37065.500 37092.000 32.900
3 deg 39638.097 39681.236 39699.806 39726.319 39791.681 57.022
3 deg_tra 37252.500 37318.500 37354.750 37465.750 37470.250 94.712
4 deg 40465.528 40503.194 40549.986 40605.556 40664.319 79.347
4 deg_tra 38503.000 38540.000 38622.750 38705.250 38700.250 91.705
Optical Engineering 072005-6 July 2019 • Vol. 58(7)
Qu et al.: Time identification method of an optical blade tip timing. . .
Downloaded From: https://www.spiedigitallibrary.org/journals/Optical-Engineering on 03 Jun 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use
than in the case of vertical alignment, the timing errors of the
method in this article are still smaller than the traditional tim-
ing errors, and this advantage is more obvious with the
increase of installed angle.
3.3 Timing Errors Introduced by Varied Shape of
Signals
To reduce the timing errors in the case of the single triggering
method, the timing identification method using both rising
edge and falling edge is widely adopted.13 For signals
with good symmetry, the timing errors for this method can
be largely overcome. However, in the case of unsymmetrical
signals, the method using the average time of the two edges
is not effective in error abatement.
Theoretically, scattered light signals from the microstruc-
tured surface described in this paper are made up of three
parts: the outline of the signals, periodic signals introduced
by the microstructured surface, and random noise signals.
The superposition of signals from these sources was simu-
lated, and a spectral analysis shows that the spectrum of the
superimposed signals obeys the following law: the inverse
transform signals correspond to the outline of the time-domain
signals if filtering near the zero frequency. Therefore, signal
asymmetry has little influence on the timing accuracy of
the timing identification mentioned in this paper.
The five partial Gaussian functions are shown in the cap-
tion at the down right corner of Fig. 7, for which from f1 to
f5 the asymmetry gradually increases. Scattered signals
modulated by f1, f2, and f5 Gaussian functions and the
corresponding filtered signals under the same clearance are
shown in Fig. 7.
The values of TOAðxÞ of above five demodulated signals
measured by the method described in this paper and the
traditional method are included in Table 3. The STD of
the method is 3.826 μm, i.e., the TOA is barely affected by
asymmetry of scattering signals, and the STD of the tradi-
tional method is 43.233 μm, showing a much greater ten-
dency for being affected by the shape of the scattering signal.
4 Discussion
In the case of the BTT measurement technique, it is essential
to ascertain the complete surface information, which means
that the frequency of the acquisition card should meet the
requirement of being able to distinguish the characteristic
surface period. The frequency of the acquisition card fs
satisfies the following equation:
EQ-TARGET;temp:intralink-;e004;326;323Δx ¼ L
Ns





where Δx is the period of microstructure blade surface, Ns is
the number of sampling points, L is the length of the blade
tip, Ts is the sampling time, and v is the linear velocity of
the blade tip. If the length of the rotation blade is 1 m and
the rotational frequency of the blade is 180 Hz, the fs
calculated by Eq. (4) is 11.3 MHz when Δx is 100 μm
(which is almost the same as the value corresponding to
the surface period in the experiments described in this
paper). Normally, the sampling frequency in real engineering
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Fig. 7 Scattering signals modulated five partial Gauss functions and corresponding filtered signals under
the same height.
Table 3 Timing positions of unsymmetrical signals modulated by five partial Gauss functions.
Timing positions (μm)
f1 f2 f3 f4 f5 STD
Our method 6278.075 6281.000 6275.550 6273.150 6282.475 3.826
Traditional method 4142.000 4149.000 4170.750 4198.500 4248.250 43.233
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situations is 7 to 8 times higher than the required theoretical
frequency value. Therefore, an acquisition card whose
sampling frequency is 100 MHz would be sufficient for
capturing the data acquired from the system and method
described in this paper. In the case of a practical BTT-
based measurement, the time resolution needs to be around
10 ns to meet the requirement of the vibration displacement
resolution. If the sampling frequency of the acquisition card
is no >100 MHz, the interpolation on the sampled data can
be used to meet the requirement of the time resolution.
However, the above requirements are the minimum
requirement for the spatial resolution of the system. In prac-
tice, the spatial resolution of the system is also affected by
the size of the spot and the peak value of the microstructure
surface. We consider that the spot size and the surface peak
value mostly influence the rising time of the signal pulse and
the receiving light intensity, which will also influence the
spatial resolution of the whole system. When the spot size
and the surface peak value change independently, there exists
an optimal value for both parameters to get the biggest
intensity of the timing signal, in another word the biggest
spatial resolution of the system. The influence of the com-
bined action of these two parameters and the exact optimal
value are not clear, which need more simulations and further
studies.
5 Conclusion
An optical BTT system together with a timing identification
method based on microstructure surface has been designed,
and experimental and simulated results are presented in this
paper. A key feature of this method is its superior ability to
analyze light signals scattered from a microstructured surface
and demodulate the TOA when compared to traditional
single trigger level-based methods.
The BTT signals of a fiber bundle sensor are normally
unsymmetrical and with fluctuations of light intensity intro-
duced by the change of tip clearance, produced by factors
such as fluctuations of the light intensity of light source,
and randomness of the surface roughness of tip surface.
To reduce the timing errors resulting from the above reasons,
the method utilizing a microperiodic structure on the blade
tip surface has been successfully developed. Scattered light
signals from the tip surface with a microperiodic structure
inscribed are received by an optical fiber bundle sensor
and captured using a data acquisition card for subsequent
analysis. The TOAwas accurately calculated using in-house
developed software following the appropriate signal filter-
ing. Experiments were conducted under laboratory condi-
tions and results prove the validity of this method as well
as showing great robustness against random fluctuations
in light intensity. The STD of the arriving positions using
the timing method developed in this paper was directly com-
pared with a traditional method for six values of tip clearance
and was determined to be 4.65 and 20.59 μm, respectively.
The method formulated and described in this paper can effi-
ciently compensate the errors introduced by variations of
tip clearance. The results of timing errors under varied tip
clearance when the sensor is not perfectly perpendicular
to the surface show that this method is only slightly sensitive
to the misalignment angle and has exhibited superior modu-
lation performance when it is subject to both of these poten-
tial interfering factors. Furthermore, this method exhibits
advantages for use with thick blades and unsymmetrical
shaped blades.
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